A total of 72 patients with Ph-positive CML in first chronic phase were followed during a 6-year period in two different institutions in Me´xico. Among them, 22 were given a reduced-intensity allogeneic SCT, whereas 50 were given a tyrosine kinase inhibitor (TKI), mainly imatinib mesylate. The 6-year overall survival (OS) after the therapeutic intervention for patients allografted or given a TKI was 77 and 84%, respectively (P, NS); the median OS for both groups has not been reached, being above 90 and 71 months, respectively (P, NS). The freedom from progression to blast or accelerated phases was also similar for both groups, as well as the overall OS after diagnosis. Most patients allografted (91%) chose this treatment because they were unable to afford continuing treatment with the TKI, whereas most treated with the TKI (84%) were given the treatment without charge, through institutions able to pay for their treatment. The median cost of each nonmyeloablative allograft was US$18 000, an amount that is enough to cover 180 days of treatment with imatinib (400 mg per day) in Me´xico. Cost considerations favor allogeneic SCT as a 'once only' procedure whereas lifelong treatment with an expensive drug represents an excessive burden on resources.
Introduction
CML in its chronic phase starts as a rather benign phenotype, but its invariable transformation to the acute blast crisis gives the disease its true malignant character. 1, 2 The ultimate goal of treatment for CML patients is to induce a molecular remission; cytogenetic remissions can be obtained with interferon or tyrosine kinase inhibitors (TKI), whereas molecular remissions can be achieved with TKIs or allogeneic SCT (allo-SCT). However, because SCT is limited to young patients with a suitable donor, it actually cures only about 15% of all patients with the disease. [1] [2] [3] Although allo-SCT is a curative therapy for CML, treatment-related mortality is still a major cause of death after transplantation, especially in older patients. Nonablative stem cell transplantation (NST) has a lower transplant-related morbidity and mortality and induces a GVL effect that can eliminate all malignant cells by donor alloreactive immunocompetent cells. CML responds to the GVL effect; 4 accordingly, we and others have used NST with success in patients with CML. [4] [5] [6] [7] The discovery and subsequent regulatory approval of imatinib and other TKIs has fundamentally changed the therapeutic algorithm for CML. Imatinib is now the therapy of choice for patients with newly diagnosed CML. This has had a profound impact on the use of allo-SCT for CML, with a marked decrease in the number of transplants for CML in developed countries. 8 In developing countries, however, the impact has not been so marked, [8] [9] [10] probably because of the cost of the TKIs. In Me´xico and probably in other developing countries, it is cheaper to perform an allo-SCT than to offer the patient a TKI. 5, 6 In Eastern Europe, Latin America and probably other developing countries, cost considerations also favor allo-SCT as a 'once only' procedure in preference to lifelong treatment with an expensive drug which represents an excessive burden on resources. 5, 6, 9, 10 We report here the results of our multicenter experience in the treatment of CML, using either an allo-SCT employing the 'Mexican' non-ablative conditioning preparative regimen or treatment with TKI. Despite the fact that drug treatment is superior to allografting as first-line therapy in CML, 11 allografting still has a relevant role where resources are limited.
Materials and methods

Patients
All consecutive patients with Ph-positive and/or BCR-ABL-positive CML in a first chronic phase, studied and treated in the Centro de Hematologı´a y Medicina Interna de Puebla (CHMI, Puebla, Me´xico) and in the Hospital Universitario de Nuevo Leo´n (HUNL, Monterrey, Me´xico) after January 1999, were prospectively recruited into the study; those treated with TKI were accrued after 2001, when imatinib became available in Me´xico. Table 1 shows some of the patient's salient features.
TKI treatment
Patients were given imatinib mesylate at an initial dose of 400 mg per day. The drug was either bought by the patients themselves or provided by the Glivec International Patient Assistance Program (GIPAP) system, administered by the Max Foundation (www.maxaid.org). Three patients were given dasatinib at a dose of 140 mg per day; this drug was donated by Bristol Myers Squibb Me´xico. All patients in one institution (HUNL) were given the TKIs free of charge and all patients in the other center (CHMI) paid for the TKIs themselves.
Allo-SCT
The 'Mexican method' of non-ablative conditioning preparative regimen was used in all patients given allo-SCT. 5, 6 All the patients were in hematologic remission and had a Karnofsky's score of 100% when the procedure was performed. The donor was an HLA-identical (6 of 6) sibling in all instances. The protocol was approved by the institutional review board. Written consent was obtained from all the individuals. G-CSF (10 mg/kg per day) was given to the sibling donors on day À5 to þ 2. One to three apheresis procedures were planned to be done on days 0, þ 1 and þ 2 by means of a Haemonetics V-50 PLUS machine (Haemonetics Corporation, Braintree, MA, USA), a Baxter C-3000 PLUS machine (Baxter Healthcare, Deerfield, IL, USA), an AMICUS (Baxter Healthcare) or a COBE Spectra (Gambro, Lakewood, CO, USA) using the Spin-Nebraska protocol. 12 The end point of collection was the processing of 5000-7000 ml of blood per m 2 in each of the three apheresis procedures, in order to obtain at least 5 Â 10 8 mononuclear (MNC) cells and/or 2 Â 10 6 viable CD34 cells per kg of the recipient's weight. The 'Mexican method' of nonablative conditioning was used. 5, 6 Oral BU, 4 mg/kg was given on days À6 and À5; i.v. CY, 350 mg/m 2 on days À4, À3 and À2; i.v. fludarabine, 30 mg/m 2 on days À4, À3 and À2; oral CsA 5 mg/kg was started on day À1 and i.v. MTX 5 mg/m 2 was given on days þ 1, þ 3, þ 5 and þ 11. CsA was continued through day 180, with adjustments to obtain serum CsA levels of 150-275 ng/ml; it was then tapered over 30-60 days. If GVHD was present, the CsA was tapered over longer periods. Ondansetron (1 mg i.v. every hour during 4 h after i.v. chemotherapy), an oral quinolone and an azole were used in all patients following each center recommendation; antibiotics and antimycotics were used until granulocytes were 4500 Â 10 6 per liter. The products of the PBSC apheresis were infused on days 0-2. Donor lymphocyte infusions were used 100 days after the allografts only if no evidence of GVHD was present and if there was evidence of persisting or relapsed leukemia. Enumeration of the total white blood, MNC and 15 in cases with ABO system mismatch a flow cytometry-based approach was used, whereas polymorphic markers (short tandem repeats) 16 were analyzed in the absence of the previously mentioned mismatches. BCR-ABL specific transcripts were detected by multiplex RT-PCR. 17 The sensitivity for the detection of the BCR-ABL transcripts is about 10 À5 as determined previously by dilution experiments with K562 cells. The molecular studies were done at diagnosis, at 30 days after the allograft and every 3-6 months afterwards. Survival was calculated according to Kaplan and Meier. 18 
Results
Patients treated with TKI A total of 50 consecutive patients able to get TKI were included; 47 received imatinib and 3 dasatinib. Forty-two patients (84%) were given the imatinib free through the GIPAP system; one patient received the imatinib manufactured in India and the remaining nine patients bought the imatinib by themselves. Imatinib was started at a dose of 400 mg per day in all patients and in 19 cases the dose was escalated to 500-800 mg per day. Median age of the patients was 39 years (range, 12-89). Median time from diagnosis to starting the TKI was 259 days (range, 0-2190). Forty-five patients are alive, 60-2130 days (median, 720) after starting the TKI. The projected 71-month overall survival (OS) is 84%; the median survival has not been reached, being above 2130 days (Figure 1 ). Five patients died 600-1080 (median, 840) days after starting the treatment, all as a result of progression of the disease. Forty-five patients had an initial hematological response; five failed to respond and two died. Eight patients developed progressive disease while being treated with imatinib (blast crisis in six cases). Thirty-eight patients achieved a major cytogenetic response and twenty-seven a molecular remission. The time to achieve a molecular remission ranged between 8 and 39 months (median, 20 months). Side effects of the treatment were cytopenias (15 patients), fluid retention (3 cases), arthralgias (2 cases) and dyspepsia (2 cases). Three patients received dasatinib after having received imatinib: one after developing a blast crisis while on imatinib, one after being unable to continue paying for the imatinib and one after developing a severe bone marrow hypoplasia while on imatinib. The freedom from progression to accelerated or blast phase in these patients was 79% at 71 months (Figure 2 ).
Patients allografted
A total of 22 CML individuals in first CP were allografted; 21 of them (91%) chose this treatment because they were unable to afford the long-term treatment with a TKI. Twelve patients were female; median age was 38 years (range, 10-71). Median time from diagnosis to the allograft was 306 days (range, 46-1275). Since all patients were allografted in first chronic phase with cells from an HLAidentical sibling, all had low European Group for Blood and Marrow Transplantation risk scores, with a median of 1 (2 score 0, 10 score 1, 6 score 2 and 4 score 3). Patients received a median of 4.7 Â 10 6 per kg CD34( þ ) cells, using 1-3 (median, 2) apheresis procedures in the donors. Median time to achieve granulocytes 4500 Â 10 6 per liter was 13 days, range 0-45, whereas median time to achieve platelets420 Â 10 9 per liter was 12 days, range 0-54. Eighteen patients are alive, 30-2700 (median, 1020) days after the allograft. The projected 90-month OS is 77%, whereas median OS has not been reached, being above 2700 days. In total, 11 patients (50%) developed acute GVHD (9 grade I and 2 grade II) whereas 13 of 20 (65%) developed chronic GVHD (limited in 10 cases). In two instances, the chronic GVHD was fatal despite intensive immunosuppres- sion and extracorporeal photopheresis. Four patients died 30-810 (median, 330) days after the allograft, two as the result of GVHD, one of sepsis and one as a result of progression of the disease. Eighteen patients achieved a molecular remission (undetectable BCR-ABL transcripts); all the patients who cleared the BCR-ABL transcripts were assessed for chimerism and found to be full chimeras. One patient never cleared BCR-ABL transcripts despite a cytogenetic response; she remains in a hematologic remission, with mixed chimerism 50 months after the allograft; she has been given donor lymphocyte infusions in three instances and has received imatinib and subsequently dasatinib. The BCR-ABL transcripts were cleared days (median, 28) after the allograft. The transplant-related mortality was 13% (3 of 22) ; one patient experienced a relapse 27 months after the allograft was given imatinib and finally died. One patient died 30 days after the allograft as a result of sepsis with Pseudomonas aeruginosa. In 17 patients (77%) the whole procedure was completed on an outpatient basis. The freedom from progression to accelerated or blast phase in these patients was 80% at 90 months (Figure 2) . Figure 3 depicts the OS of the patients after initial diagnosis.
Discussion
The standard options for treating patients with CML include allo-SCT, TKIs, hydroxyurea, interferon-a-based regimens and BU; however, the only curative treatment modality for these patients is allo-SCT. 19 In the developed world, allo-SCT is now considered less frequently than before the TKI era; 19 trials with imatinib, considered currently as the first-line therapy, have shown complete cytogenetic responses in over 80% of patients, with an OS over 90% and a freedom from progression to accelerated or blast phase in over 93% of patients. 20 There are emerging data about molecular remissions in patients on TKIs even after withdrawal. 1 TKIs have in addition an excellent safety profile and have fundamentally changed the treatment of CML patients in developed countries.
However, the scenario in underprivileged circumstances is clearly different. In developing countries, imatinib is available free of charge only to some individuals needing it. The median cost at a dose of 400 mg per day is US$ 100 per day. On the other hand, the median cost of the first 100 days of a nonmyeloablative allo-SCT in Me´xico is US$ 18 000, 5, 6, 21, 22 whereas the median cost of a conventional allograft is US$ 30 000. It is evident that the early costs are lower with nonmyeloablative allo-SCT; however, the costs after the first 100 post-transplant days depend mainly on the development of GVHD and are not available in detail. As a result, in our country, with the money spent in the first 100 days of a nonmyeloablative allo-SCT, 180 days of continued treatment with imatinib can be afforded, provided the patient is given 400 mg per day of the drug. 5, 6 In this scenario, most individuals in Me´xico and other developing countries choose to have an allo-SCT for economic reasons rather than other arguments to choose the treatment. Despite the fact that we do not have detailed data about the cost of giving allo-SCT to patients in other developing countries, the costs seem to be similar to those calculated for Me´xico, if nonablative preparative regimens are employed. 6 In the young CML patient, other reasons for preferring a bone marrow allograft are uncertainty about the prolonged use of TKI's or the availability of the suitable donor, when identified. The data reported in this study suggest that the long-term results of using allo-SCT or TKI are not statistically different despite the fact that early mortality was observed in the allo-SCT group. It is also clear in this study that the rate of disappearance of the BCR-ABL transcripts was faster in allografted individuals (Table 1) .
Allo-SCT has been shown to be useful in individuals with CML; reduced-intensity preparative regimens have been used successfully by us 5, 6 and others 4, 7, [23] [24] [25] [26] [27] and we have elected to use this preparative regimen for financial reasons. 28 Despite the fact that most studies with NST have a relatively short follow-up, there is information which indicates that the procedure has a similar long-term efficacy as that of conventional allografting. [29] [30] [31] Since NST is more feasible and affordable for patients and physicians in developing countries, 5, 6, 28, 29 the number of allografts in these places has increased substantially, as well as the publications related to bone marrow transplantation. 29 Allo-SCT as a consolidation treatment after inducing a remission in CML patients with a TKI seems to be a very useful option which combines the effectiveness of both treatment modalities and diminishes the need for lifelong treatment. 1 Despite the fact that drug treatment is superior to allografting as first-line therapy in CML in developed countries, 11 allografting has still a role where resources are limited. For over 50% of the inhabitants of the world, financial considerations may favor allo-SCT as a one-in-alifetime procedure instead of lifelong treatment with an expensive drug which would represent an excessive burden on resources. While the initial cost of allo-SCT may be higher both to the society and the individual, it may still have a better lifetime economic value. 32, 33 Longer follow-up is necessary to confirm these observations.
